Actinomycetes are known to produce an extensive range of bioactive compounds as well as variety of enzymes having multiple biotechnological applications. They are an important source of lignocellulose hydrolyzing enzymes and constitute considerable proportion of the soil or aquatic micro-flora responsible for degradation of biomass in natural environment. Presently, most of the commercially exploited lignocellulases and commercial biodegradation processes rely mostly on fungal or bacterial micro-organisms. Actinomycetes are relatively less explored for biodegradation processes that utilize lignocellulases for solid agro-waste management and waste water treatment. There is also a need to search and explore novel actinomycete strains for various biodegradation applications. This study involved examining the possibility of using only potent actinomycetes strains for the composting process by creating the consortium of such strains that could produce thermo-tolerant and alkali-tolerant key enzymes necessary for the degradation of cellulose, hemi-cellulose and lignin. The newly developed actinomycete consortium was tested for the composting activity and the composting process was optimized. The analysis of the composted material generated under ideal condition, demonstrated desirable physical and chemical characteristics. Paper pulp effluent poses a hazard to waterways due to toxicity. The toxicity of this mill effluent can be attributed to a compound called lignin and its chlorinated derivatives that are let out during the treatment of lignocellulosic constituents. Current study also involves the use of a strain of actinomycete having ability to produce enzyme laccase, which is active under alkaline condition for the treatment of paper pulp effluent. Enzyme laccase is known for its ability to attack phenolic components of lignin and common hazardous component of effluent, polycyclic aromatic hydrocarbons (PAH). Aerobic treatment of effluent by actinomycete strain indicated 21% reduction in COD at pH 7.5 after 14 days under optimum condition. 
Introduction
Composting helps in organic amendment to the soil for improving its physical, chemical and biological properties [1] . It is a natural process and can be accelerated by the use of the correct mixture of micro-organisms [2] [3] . The process involves rapid succession of mixed microbial populations. As per the prevailing process, the main groups of microorganism involved are bacteria, including actinomycetes and fungi [4] [5] . Composting can be broadly divided into three stages [6] [7] [8] . In the initial stage, simple organic molecules like sugars and proteins are degraded resulting drop in pH and rise in temperature [9] [10] . Thermo-tolerant and thermophilic population dominates the middle phase, producing enzymes responsible for degradation of complex organic material and temperature rises further. Concluding stage of the composting is characterized by the growth of actinomycetes and fungi that degrade the most complex organic matters under high temperature and high pH environment [11] [12] . Raw material used for composting is ligno-cellulosic biomass. Ligno-cellulosic materials are mainly composed of cellulose (35% -50%), hemicellulose (15% -35%) and lignin (10% -35%) [13] . All three components have very close interactions with each other. Composting involves breakdown of all three components with the use of microbial enzymes. The set of enzymes indispensably involved in the process are laccases, xylanases and cellulases.
Laccase enzyme removes the cementing material by lignin degradation and xylanase acts on xylan; hemicellulose component keeps the cellulose fibers together [14] . Once lignin and hemicellulose are eliminated, cellulose fibers are left open for cellulase to attack, thus, breaking down the final component of ligocellulose during composting. All three enzymes act in association and in sequence to produce mature compost [15] .
Produced manure serves a dual purpose of management of solid waste and amendment to soil as well.
Parallely, bioremediation is one of the hot areas in research because of the increased level of toxicants added to the environment. Due to numerous potential threats posed by waste, discarded by industries, several countries across the globe have set a limit on the quantity of untreated fluids discharged into rivers, lakes and oceans. Due to the expenses involved, various remedies to these problems have been put forth, but not brought into effect. Biological and well as physiochemical treatments are being taken into consideration in order to minimize capital and operating expenditure. Aiming at minimized emission of toxicants into nature, biotechnological research is a promising economical solution to the thermal problems, increased BOD/COD and other ecological concerns in the future.
One of the chief hazards posed to waterways is nowadays created by the pulp and paper industry. This hazard is in the form of a dark coloured effluent (either brown or black) which is a primary result of the main stages of the production process; namelypulping, bleaching and paper making. The dark color of the liquid waste obstructs rays of sunlight from entering the water, which reduces respiration as well as photosynthesis. The paper pulp organic effluents directly or indirectly affect not only the environment, but also human life. Exposure to such contaminated water by means of drinking or cooking can lead to the contraction of several dangerous diseases. Another way in which damage to health may occur is by consumption of the fish thriving in such an unclean surrounding [16] .
Amongst the enzymes employed for composting, laccase enzyme has a great potential to be also used for bioremediation but is still less explored for the same. Laccase (benzenediol: oxygen oxidoreductases, E.C 1.10.3.2) is a multi-copper enzyme belonging to the group of blue oxidases. Laccase is described as oxidoreductase in Enzyme Commission (EC). Laccase enzyme catalyzes mono-electronic oxidation of a broad spectrum of substrates. The substrates include ortho-and para-diphenols, polyphenols, aminophenols and aromatic or aliphatic amines. Oxidation of substrate is coupled with four-electron reduction of O 2 to H 2 O. Enzyme laccase is known for its ability to attack phenolic components of lignin and common hazardous component of effluent, polycyclic aromatic hydrocarbons (PAH). Therefore, this enzyme has been considered to play a significant role in the bioremediation actinomycetes; bacteria growing in the form of filaments are packed with all the enzymes needed for composting as well as bioremediation. Their filamentous morphology facilitates the penetration and spreading all over the organic matter during growth, leading to efficient degradation of the material. Moreover, they are also responsible for the release of enzymes extracellularly that degrade cellulose, hemi-cellulose and lignin [16] .
The present study dealt with the isolation of the potent actinomycete strains which could be useful in biodegradation of domestic waste via composting. The study also simultaneously explored the potential of the same cultures for treatment of paper pulp effluent. Much of the research has been carried out to solve both the purposes of composting as well as remediation; however, most of them were with the use of either bacteria or fungi. This study was novel in terms of opening avenues for exploration of actinomycetes to serve the purpose of solid as well as liquid waste management.
Materials and Methods

Isolation of Actinomycete Strains
Sediment samples were collected from various locales. Sites for the sample collection could be categorized into: marine environment, mangroves, hot water spring, compost, river and lake sediments and soil. Sample collection was done using alcohol sterilized spatula and samples were stored in sterile screw capped bottles. Sample treatment involved air drying for 48 hours, homogenizing in mortar and pestle followed by sieving.
After treatment all the samples were diluted appropriately with saline except for marine and mangrove samples which were diluted using 1:2 diluted sea water. Actinomycete Isolation Agar at pH 8 (M490 HiMedia laboratories) was used for the isolation of actinomycetes from the sediment samples. Antibiotics Cycloheximide-50 μg/ml and Streptomycin 100 μg/ml were added to the medium. Plates were incubated at 40˚C and checked for growth. Incubation period varied from 1 -3 weeks. Actinomycete colonies were identified by their morphological characteristics and microscopy. Isolation medium with pH 8 and incubation temperature of 40˚C were maintained to make sure that alkali-tolerant and thermo-tolerant actinomycete strains could be isolated. ISP 4 medium was used for the sporulation of the cultures. Spore suspension of 10 5 spores/ml was prepared in saline for all the strains as a standard inoculum.
Screening of Strains for Enzyme Production
All the strains were screened for xylanase and laccase production. Xylanase and laccase producing strains were shortlisted and screened further for cellulase activity. Enzyme production medium with pH 8 and incubation temperature of 40˚C were maintained to make sure that enzymes produced displayed alkali-tolerance and thermo-tolerance.
Screening for Xylanase Producers
Qualitative plate assay was carried out using wheat bran agar. Wheat bran agar composition in (g/l)-wheat bran 20 (digested and strained through muslin cloth), Peptone 5, Beef extract 3, Agar 20.
10 ul of spore suspension was spot inoculated on the medium. After 5 days of incubation at 40˚C, agar surface was covered with 1% Congo red solution for 15 minutes.
Excess Congo red was poured off and the plate was overlaid with 1M NaCl for 1 hour.
Zone of clearance indicated xylanase activity. Cultures were selected on the basis of Cx ratio. Standard culture used was Streptomyces sp. NCIM 5027.
Screening for Cellulase Producers
Qualitative plate assay was carried out using CMC agar. CMC agar composition in (g/l)-Carboxy-methyl cellulose (CMC-a soluble form of cellulose) 5, NaNO 3 10 µl of spore suspension was spot inoculated on the medium. After 5 days of incubation at 40˚C, agar surface was covered with 1% Congo red solution for 15 minutes.
Excess Congo red was poured off and the plate was overlaid with 1 M NaCl for 1 hour.
Zone of clearance indicated cellulase activity. Cultures were selected on the basis of Cx ratio.
Screening for Laccase Producers
Qualitative laccase plate assay was carried out using basal agar with trace solution and 0.01% guaiacol. 10 µl of spore suspension was spot inoculated on the medium and incubated for 5 days. Positive laccase activity was indicated by the reddish brown halo formed around the colony when guaiacol was incorporated in the medium.
Composting
8 strains selected for the formation of consortium were designated as: C1, C3, C4, C5, F, T, R and L11. These strains were used as the seed culture for composting.
Inoculum Build Up
Selected strains were grown at 40˚C for 96 hours on ISP 4 medium for good sporulation. For each strain, spore suspension was prepared in saline with 0.01% Tween 80.
Formulating the Consortium of Selected Strains
Total viable count of each spore suspension was detected and adjusted to 1 × 10 9 spores/ml. Plate Count Agar (M091 HiMedia laboratories) was used for carrying out the viable count. Pooled spore suspension was prepared by adding 100 ml spore suspension of each isolate.
Composting Unit
Compost units of dimensions 35 cm × 25 cm × 40 cm (length × width × height) got fabricated ( Figure 1 ). Fruit and vegetable waste acquired from the local market was shredded and used as a raw material for composting. 300 gms of waste was added in each compost unit. 50 gms of dried banana leaves were added in the unit to facilitate aeration and avoid raw material compacting. 300 ml of consortium was added to the composting unit and mixed uniformly throughout the raw material. Un-inoculated control was maintained with 300 ml of saline mixed with the raw material.
Maintaining the Moisture Level
Composting units were kept in the shade. Composting was allowed to take place for 25 days. Moisture level was maintained by addition of 20 ml water to the pile everyday.
Pile was turned once in a week to ensure the aeration.
Analysis of the Composted Material
Norms laid by National Centre of Organic Farming, Department of Agriculture, Government of India were followed for the analytical study. Following parameters were 
Effluent Treatment
Acclimatization of the Selected Strain
Strains selected on the basis of enzyme production were grown on Nutrient agar (pH 7.5) with 10% effluent added before sterilization. This is to check the ability of the strains to grow in the presence of effluent.
Paper pulp effluent was treated with laccase producing strain of actinomycete designated as R.
Treatment of the Effluent Sample and Inoculation with Strain R
Effluent sample was received from the paper pulp industry. Sample was autoclaved before beginning of the study.
Sample was diluted 1:2 with sterile distilled water. 0.1% dextrose and 0.1% peptone were added to the effluent sample as C and N sources respectively. pH was adjusted to 7.5 with 1N NaOH. The spore suspension of the isolated streptomyces strain R was prepared in saline with 0.01% Tween 80 by scrapping the sporulated growth on ISP 4 agar medium. 5% spore suspension of density 10 5 spores/ml was used as the inoculum.
Inoculated sample was kept under aeration by introducing a continuous stream of bubbles with the help of air pump.
Incubation was done at room temperature with continuous aeration.
Readings were taken on day zero, Day 7 and Day 14. PCR-mediated amplification of 16S rRNA gene was carried out using 16S universal primers: 8F (AGAGTTTGATCCTGGCTCAG), 1492R (ACGGCTACCTTGTTACGA CTT) and BDTv3.1 Cycle sequencing kit on ABI 3730x1 Genetic Analyzer. The near complete 16S rRNA sequence (1156 bp) was desired and aligned with corresponding first ten matching sequences. The program CLUSTALW2 (www.ebi.ac.uk/Tools/msa/clustalw2/) was used for both multiple alignment and phylogenetic analyses. Based on maximum identity score, first ten sequences were selected and aligned using multiple alignment software program Clustal W. Distance matrix was generated using RDP database and phylogenic tree was constructed using MEGA6.
Results and Discussion
Enzyme production medium with pH 8 and incubation temperature of 40˚C were maintained for all enzyme assays. Selection of the strains was such that all the strains produced enzymes which displayed alkali-tolerance and thermo-tolerance.
Screening of Xylanase and Cellulase Producers
Actinomycete strains were selected on the basis of their ability to produce xylanase, cellulase and laccase enzymes. Potent xylanase producers were shortlisted and screened further to check their ability to produce cellulase. Selection of strain was done in such a way that all the shortlisted isolates had the ability to produce either one enzyme in large quantity or both the enzymes in moderate quantities. Extent of enzyme production was decided on the basis of Cx ratio. Cx ratio is the ratio of diameter of zone of clearance to the diameter of colony.
Screening of Laccase Producers
Laccase enzyme expression is not very common in actinomycetes. All 45 strains were screened for laccase producer. Two strains were found to be laccase positive.
Consortium of Selected Strains
Out of 45 strains screened, 8 strains were shortlisted for the consortium. Table 1 & Table 2 present the details of the shortlisted strains. Figure 2 shows the growth pattern of few selected strains on ISP 4.
All the selected strains produced enzymes which were thermo-tolerant and alkalitolerant. Composting was carried out for 25 days. Study of the following parameters was done to understand the efficiency of composting process.
Compost Analysis
i) Compactness was measured in terms of the height of the compost pile (refer to Table 3 ).
ii) Study of physical and chemical characteristics of the composted material. Results were interpreted by referring to FCO (Fertilizer Control Order) specifications (refer to Table 4 ). 
Specifications of Organic Fertilizers given in
Selection of the Strain for Effluent Treatment
Out of 8 strains, only one strain designated as R could grow on Nutrient agar pH 7.5 with 10% effluent. Strain R was used for effluent treatment study. This strain showed the alkali-tolerant laccase production during screening.
Effluent Treatment Analysis
Various parameters of the treated effluent were studied and compared taking day zero, Day 7 and Day 14 readings. Observations for all the parameters have been tabulated in Table 5 and Figure 3 indicates the colour changes observed for the respective readings.
LC-MS Results
Out of total 155 compounds detected by LCMS in untreated sample, 97 compounds values showed the reduction in ratio when side chain was eliminated or ring structure was opened up. In few cases, the intra-molecular re-arrangement has resulted in increase in the m/z ratio.
Phylogenetic Analysis of Alkali Tolerant and Laccase Producing Strain R
The 16S rRNA gene from alkali tolerant and laccase producing strain R was sequenced.
The partial sequence containing 1156 nucleotide base pairs showed close similarity with Streptomyces plicatus, Streptomyces enissocaesilis and Streptomyces rochei. The phylogenic tree constructed using ten matching sequences of 16S rRNA from NCBI data-base is shown in Figure 4 . The evolutionary history was inferred using the UPGMA method [17] . The optimal tree with the sum of branch length = 0.01694915 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (100 replicates) is shown next to the branches [18] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood Method [19] and are in the units of the number of base substitutions per site. The analysis involved 12 nucleotide sequences. 
Conclusions
Composting
Composting is a dynamic process involving many types of micro-organisms acting in succession to degrade organic matter. Today, there are various bacterial, fungal and actinobacterial species used worldwide as composting agents.
This study involved examining possibility of using only actinomycetes (without use of bacteria and fungi) for the composting process by finding consortium of such strains that could produce the key enzymes necessary for the degradation of cellulose, hemi-cellulose and lignin. A few actinomycete strains were shortlisted through screening and testing as described in detail above. Xylanase, laccase and cellulase enzymes produced by all the strains used in the consortium were thermo-tolerant and alkali-tolerant. The finally selected innovative consortium demonstrated promising activity and analysis showed the resultant composted material with desirable physical and chemical characteristics.
Actinomycetes have the ability to survive elevated pH and temperature conditions as much as bacteria and fungi. Their certain consortia can single-handedly produce all key enzymes for composting. In addition, they could produce antibiotics, which could control the growth of the plant pathogens present in the soil and hence, could be considered a better choice to bacteria and fungi. Given this promise, further study in respect of commercial scalability for their increased usage for solid waste management should be considered.
Effluent treatment
Many of the application studies to date are focused on enzymes from fungal sources.
However, the fungal laccases which are mostly acidic in nature could not be used universally for all application purposes, especially for the treatment of effluents from different industries, largely due to the alkaline nature of the effluents. Under such situations, the enzymes from organisms like S. psammoticus with wide pH range could play a better role than the fungal counterparts (Niladevi and Prema 2008) [21] .
Four strains of the bacterial genus Streptomyces (S. cyaneus, S. ipomoea, S. griseus and S. psammoticus) and the white-rot fungus Trametes versicolour were studied by Margot, et al. (2013) [22] for their ability to produce active extracellular laccase in biologically treated wastewater. Among the Streptomyces strains evaluated, only S. cyaneus produced extracellular laccase with sufficient activity. Laccase activity produced by T. versicolour was 20 times greater but laccase from S. cyaneus was active over wider pH and temperature ranges as compared with fungal laccase.
Current study used a strain of actinomycete having ability to produce laccase for the treatment of paper pulp effluent. Morphological characteristics indicated that the strain belonged to the genus Streptomyces. 16s RNA sequencing was carried out and BLAST results showed phylogenetic tree with 3 closely related Streptomyces species viz. Streptomyces plicatus, Streptomyces enissocaesilis and Streptomyces rochei. Streptomyces plicatus and Streptomyces enissocaesilis have been mainly studied as bio-control agents and no reports have indicated their ability to degrade organo-pollutants [23] [24] .
Polychloro-phenol (PCP) derivatives are used as wood preservatives and thus, find their way into wastewater of the paper pulp industry. Streptomyces rochei 303 was found to be capable of de-chlorination of PCP derivatives by an inducible enzyme hydroxyquinol 1,2-dioxygenase [25] . Bioremediation of poly-aromatic hydrocarbons (PAH) has been reported indicating 28% -92% degradation within 15 days at 100 ppm level by Streptomyces rochei [26] .
This strain has been tested positively for the production of enzyme laccase which is a ligninolytic enzyme playing key role in the degradation of PCP and/or PAH. Thus, it could be concluded that the strain under study was Streptomyces rochei. There is a mention of lignin degrading ability of Streptomyces rochei in the literature, but laccase production has not been reported [27] . Thus, this is the first report of laccase production by this actinomycete strain.
Promising results have been indicated by the Streptomyces sp. used (designated as R) in this degradation study at pH 7.5 After 14 days, 21% reduction in COD as compared with the 15.4% reduction given by the commercial product indicated promising role by the alkali-tolerant laccase producing strain under study. Reduction in true colour, odour and the extent of flocculation by the test organism showed favourable changes indicating the usefulness of the culture. LC MS report has shown the presence of degradation compounds (also comparing the m/z values) formed after 7 and 14 days of incubation. Compounds showed the degradation of lignin components and other phenolic, non-phenolic components of the effluent by intra molecular rearrangement, oxidation and ring opening reactions. In conclusion, presence of degradation products could be co-related with the effective role of Streptomyces sp. in the degradation of effluent from paper pulp.
Overall, potent thermo-tolerant and alkali-tolerant actinomycete strains were successfully isolated and applied for bio-degradation of domestic agro-waste by composting and treatment of pulp-paper mill effluent. The consortium of selected actinomycete strains has been employed for this process. Further work is required to be carried out in order to develop the formulation containing these viable strains in combination with suitable carrier material and other beneficial microbes for commercial application.
